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Ba!
8"7)*0!.)7!:54.)!-"#*+!VcU.(*!*)\04*(!.+*!:"G:-0!:,4,-,G,5(!>CFs!"7*)&"9.-;!Cbs!
:,4,-,G,5(@!I5&! &:*!*)\04*(!7"//*+1!W:*!,#*+.--! 9:.+G*!,)! &:*!*)\04*! "(!7"//*+*)&!.&!
&:*!M:0(",-,G"9.--0!+*-*#.)&!MA!#.-5*!,/!b1F!75*!&,!&:*!9.-95-.&*7!"(,*-*9&+"9!M,")&!>M%@73!
,/!M"G!8"7)*0!.)7!:54.)!-"#*+!VcU.(*!.(!d1Fa!.)7!a1`_;!+*(M*9&"#*-01!W:*+*/,+*;!&,!G.")!
9+*7*)9*!6"&:!7*#*-,M")G!:54.)! -"#*+!VcU.(*! "):"I"&,+(;!6*! /,95(*7!,5+!G,.-(!,)! &:*!
8")*&"9!.)7!(&+59&5+.-!9:.+.9&*+"\.&",)!,/!"):"I"&,+(!/,+!&:*!:54.)!-"#*+!VcU.(*!*)\04*1!
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9<;!2&(&2&*)&+!
B1! Gomori, G.;!Hexosediphosphatase1!Journal of Biological Chemistry(1943:!
148!>1@;!139-1491!
E1! Pogell, B. M.p! McGilvery, R. W.;! Partial Purification of fructose-1, 6-
bisphosphatase1!Journal of Biological Chemistry(1954:!208!>1@;!149-1571!
D1! U,)&+*4,-";! ?1p! W+.)"*--,;! ?1p! X5MM"(;! c1p! J,,7;!J1! 31;! V+59&,(*! K"M:,(M:.&.(*!
/+,4!^.II"&!X"#*+1!:/&.8"%(/;(!$/%/9$#"%(<,-4$'*.5(9B;A:!=>?!>C@;!D_`C2D_aD1!
_1! K,).:5*;! <1! X1p! c,6).(;! <1! X1p! ]"*:.5(;! J1! N1p! X.+(,);! W1! <1;! U5+"/"9.&",)! .)7!
O:.+.9&*+"\.&",)! ,/! G-Mf2=)9,7*7! V+59&,(*! B;a2c"(M:,(M:.&.(*;! .! ]*6! =)\04*! ,/! &:*!
N-09*+,-!D2U:,(M:.&*!^*G5-,)!,/!=(9:*+"9:".!9,-"1!@,-(:/&.8"%(/;(!"#*-.$/%/95(>CCC:!AB=!
>BC@;!`aE_2`aEb1!
`1! ]"(:"4.(5;!A1p!V5(:"),I5;!?1p!?:,5);!A1p!J.8.G";!W1;!W:*!V"+(&!O+0(&.-!?&+59&5+*!,/!
&:*! ],#*-! O-.((! ,/! V+59&,(*2B;a2c"(M:,(M:.&.(*! U+*(*)&! ")! W:*+4,M:"-"9! 3+9:.*.1!
3*.&#*&.-(>CC@:!A=!>a@;!C_C2C`C1!
a1! A")*(;! <1! L1p! V+,44;! A1! <1p! A,)\.&8,;! ^1! c1;! ],#*-! .--,(&*+"9! .9&"#.&",)! ("&*! ")!
=(9:*+"9:".!9,-"!/+59&,(*2B;a2I"(M:,(M:.&.(*1!:(!$/%(<,-4(>CC;:!=BA!>Eb@;!BdDda2CD1!
b1! j*+:**(;! O1! A1p! 38*+I,,4;! <1p! ?9:"-&\;! =1p! 7*! j,(;! J1! P1p! #.)! 7*+! [,(&;! <1;!
P,-*95-.+! .)7! c",9:*4"9.-! O:.+.9&*+"\.&",)! ,/! .! K"(&")9&! W0M*! ,/! V+59&,(*2B;a2
c"(M:,(M:.&.(*! /+,4!U0+,9,995(! /5+",(5(1!@,-( :/&.8"%( /;( !"#*-.$/%/95(>CC>:!AB>! >BE@;!
D_FB2D_F`1!
d1! j*+:**(;!O1!A1p!L*)G*);!?1!J1!P1p!W5")")G.;!<1!=1p!?9:5&;!N1!<1p!37.4(;!P1!J1!J1p!
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P1p! <,.9:"4".8;!31p! ?.#9:*)8,;!31p! Q.85)");!31! V1;! ?&+59&5+*! .)7!39&"#"&0! ,/! &:*!P*&.-2
")7*M*)7*)&!V+59&,(*2B;a2I"(M:,(M:.&.(*!QLED!/+,4!?.99:.+,409*(!9*+*#"(".*1!:/&.8"%(
/;(!$/%/9$#"%(<,-4$'*.5(=BE!>Eb@;!EBF_C2EBF`C1!
BB1! P.Z547*+;! 31! X1p! ="(*)I*+G;! V1;! H)*e5"#,9.-! 7*4,)(&+.&",)! ,/! /+59&,(*2B;a2
I"(M:,(M:.&.(*! ")!4.44.-".)!I+.")1!F./#--G$89'(/;( *,-(2"*$/8"%(H#"G-45(/;(3#$-8#-'(
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>BB@;!`B_C2`B`D1!
BD1! U"-8"(;! ?1! <1p! =-2P.G:+.I";! P1! ^1p! U"-8"(;! <1p! O-.5(;! W1;! %):"I"&",)! ,/! /+59&,(*2B;a2
I"(M:,(M:.&.(*!I0!/+59&,(*!E;a2I"(M:,(M:.&*1!:/&.8"%(/;(!$/%/9$#"%(<,-4$'*.5(9BE9:!=EJ!
>d@;!DaBC2DaEE1!
B_1! A,+*98*+;!c1!X1p!P*--,)";!=1p!U,)&+*4,-";!?1;!HG60(+8K54/%0(9BDA:!>=;!BCD2EEa1!
B`1! c*)8,#"9;! ?1! <1p! 7*P.")*;! P1! P1;! P*9:.)"(4! ,/! 39&",)! ,/! V+59&,(*! B;a2
I"(M:,(M:.&.(*1!HG60(+8K54/%0(9BE>:!EC;!_`2dE1!
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Bb1! A*+\,G;!c1p!?&"&&;!P1p!A*-7&;!A1!J1;!O,)&+,-!,/!U:,&,(0)&:*&"9!?59+,(*!?0)&:*("(!I0!
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Bd1! ?&"&&;!P1p!A*+\,G;!c1p!A*-7&;!A1!J1;!O,)&+,-!,/!U:,&,(0)&:*&"9!?59+,(*!?0)&:*("(!I0!
V+59&,(*!E;a2c"(M:,(M:.&*! S!j1!P,75-.&",)!,/! &:*!?M").9:! X*./!O0&,(,-"9! V+59&,(*!B;a2
c"(M:,(M:.&.(*!39&"#"&0! ")!j"&+,!I0!?5I(&+.&*;!U+,759&(;!MA;!P.G)*("54;!V+59&,(*!E;a2
c"(M:,(M:.&*;! 37*),(")*! P,),M:,(M:.&*;! .)7! K":07+,Y0.9*&,)*! U:,(M:.&*1! F%"8*(
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BC1! ?&"&&;! P1p! A*-7&;! A1! J1;! O,)&+,-! ,/! U:,&,(0)&:*&"9! ?59+,(*! ?0)&:*("(! I0!
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E`1! ^*"):.+&;!N1!K1p!X.+70;!A1!31;!^.&!-"#*+!M:,(M:,/+59&,8").(*S!8")*&"9!.9&"#"&0!5)7*+!
)*.+2M:0(",-,G"9.-!9,)7"&",)(1!!$/#,-4$'*.5(9BEC:!AI!>b@;!B_bb2d_1!
Ea1! Voet, D., Voet, J., Pratt, C.;!Fundamentals of Biochemistry1!2nd!*71p!John 
Wiley & Sons, Inc.S!Hoboken, NJ;!20061!
Eb1! A5*;!X1;!W:*!+,-*!,/!/5&"-*!909-*(!")!&:*!+*G5-.&",)!,/!9.+I,:07+.&*!4*&.I,-"(4!")!
&:*!-"#*+1!HG6(+8K54/%(7-%"*(H.-"'(O/%(!$/%(9BE9:!E=;!E_b2DDB1!
Ed1! O-.5(;! W1! A1p! =-2P.G:+.I";! P1! ^1p! ^*G*);! K1! P1p! ?&*6.+&;! A1! c1p! P9N+.)*;! P1p!
L,5)&\;!U1!K1p!]0/*-*+;!V1p!U"-8"(;! <1p!U"-8"(;!?1! <1;!W:*!+,-*!,/!/+59&,(*!E;a2I"(M:,(M:.&*! ")!
&:*!+*G5-.&",)!,/!9.+I,:07+.&*!4*&.I,-"(41!<&..(@/L(<-%%(7-9&%(9BE@:!=C;!`b2da1!
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EC1! U"-8"(;! ?1! <1p!O:+"(4.);!W1!K1p!=-2P.G:+.I";!P1!^1p!O,-,(".;!31p! V,Y;!=1p!U"-8"(;! <1p!
O-.5(;! W1! A1;! W:*! .9&",)! ,/! ")(5-")! ,)! :*M.&"9! /+59&,(*! E;a2I"(M:,(M:.&*!4*&.I,-"(41! :(
!$/%(<,-4(9BE?:!=EB!>D@;!B_C`2`FD1!
DF1! H0*7.;!L1p!V5+50.;!=1p!^"9:.+7(;!O1!?1p!Q,8,0.4.;!P1;!V+59&,(*2E;a2UE;!9:*4"(&+0!
.)7!I",-,G"9.-!/5)9&",)1!O/%(<-%%(!$/#,-4(9BE>:!>B!>E@;!Cb2BEF1!
DB1! A*+(;! A1! N1p! j.)! ?9:./&")G*);! =1;! V+59&,(*! E;a2I"(M:,(M:.&*! E! 0*.+(! ./&*+! "&(!
7"(9,#*+01!!$/#,-4(:(9BE>:!=?J!>B@;!B2BE1!
DE1! U"-8"(;! ?1! <1p! =-2P.G:+.I";! P1! ^1p! P9N+.)*;! P1p! U"-8"(;! <1p! V,Y;! =1p! O-.5(;! W1! A1;!
V+59&,(*! E;a2I"(M:,(M:.&*S! .! 4*7".&,+! ,/! :,+4,)*! .9&",)! .&! &:*! /+59&,(*! a2
M:,(M:.&*h/+59&,(*!B;a2I"(M:,(M:.&*!(5I(&+.&*!909-*1!O/%(<-%%(+8G/#.$8/%(9BE>:!=E! >D@;!
E_`2aa1!
DD1! A5*;! X1;! N-59,)*,G*)*("(! .)7! "&(! +*G5-.&",)1! P$")-*-'( O-*")( 7-6( 9BED:! C! >B@;!
BBB2Ea1!
D_1! f5*;! Q1p!A5.)G;! ?1p! X".)G;! <12Q1p! R:.)G;! Q1p! X"M(9,4I;!J1!]1;! O+0(&.-! (&+59&5+*! ,/!
/+59&,(*2B;a2I"(M:,(M:.&.(*! 9,4M-*Y*7! 6"&:! /+59&,(*! E;a2I"(M:,(M:.&*;! 3PU;! R)Ek! .&!
E1F!t!+*(,-5&",)S!3(M*9&(!,/!(0)*+G"(4!I*&6**)!"):"I"&,+(1!F./#0(2"*%0(H#"G0(3#$0(N0(30(H0(
9BB@:!IA;!BE_dE2BE_da1!
D`1! =-2P.G:+.I";!P1!^1p!N"7:2<.");!P1p!35(&");!X1!^1p!U"-8"(;!?1!<1;!%(,-.&",)!,/!.!A54.)!
X"#*+! V+59&,(*2B;a2I"(M:,(M:.&.(*! 9K]3! .)7! =YM+*((",)! ,/! &:*! M+,&*")! ")! +'#,-.$#,$"(
#/%$1!^,-*!,/!3(M2BBd!.)7!3(M2BEB!")!O.&.-0("(1!:0(!$/%0(<,-40(9BB?:!=JB;!C_aa2C_bE1!
Da1! ]"44,;!A1!N1p!W"M&,);!L1!V1;!W:*!*//*9&!,/!MA!,)!&:*!8")*&"9(!,/!I**/2-"#*+!/+59&,(*!
I"(M:,(M:.&.(*1!+&.0(:0(!$/#,-40(9BDA:!EB;!`ab2`b_1!
Db1! P.+95(;!O1!<1p!N*--*+;!31!P1p!c0+)*;!J1!X1;!?&57"*(!,)!c,#")*!A*M.&"9!V+59&,(*!B;a2
K"M:,(M:.&.(*1!:/&.8"%(/;(!$/%/9$#"%(<,-4$'*.5(9BD?:!=>B!>E_@;!d`ab2d`bD1!
Dd1! <,:)(,);!L1!31p!N,,70;!^1!?1;!W:*![+"G").-!P"9:.*-"(!O,)(&.)&S!W+.)(-.&",)!,/!&:*!
BCBD!P"9:.*-"(uvwP*)&*)!U.M*+1!!$/#,-4$'*.5;!)5--2)5--1!
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EB!
DC1! ]"44,;! A1! N1p! W"M&,);! L1! V1;! W:*! 3--,(&*+"9! U+,M*+&"*(! ,/! c**/2-"#*+! V+59&,(*!
c"(M:,(M:.&.(*1!+&.0(:0(!$/#,-40(9BDA:!EB;!`b`2`d`1!
_F1! L*;! A1! P1p! R:.)G;! Q1p! X"M(9,4I;! J1! ]1;! O+0(&.-! (&+59&5+*! ,/! /+59&,(*! B;a2
I"(M:,(M:.&.(*!9,4M-*Y*7!6"&:!/+59&,(*!a2M:,(M:.&*;!3PU!.)7!4.G)*("541!F./#0(2"*%0(
H#"G0(3#$0(N0(30(H0(9BBC:!BD;!`E_D2`E_b1!
_B1! L*;!A1!P1p! X".)G;! <12Q1p!R:.)G;!Q1p! X"M(9,4I;!J1!]1;!O,)/,+4.&",).-! &+.)("&",)!,/!
/+59&,(*2B;a2I"(M:,(M:.&.(*S!?&+59&5+*!9,4M.+"(,)!I*&6**)!&:*!3PU!9,4M-*Y!>W!/,+4@!
.)7!&:*!/+59&,(*!a2U:,(M:.&*!>^!/,+4@1!!$/#,-4$'*.5(9BB9:!C?;!__BE2__EF1!
_E1! R:.)G;!Q1p!X".)G;!<12Q1p!A5.)G;!?1p!X"M(9,4I;!J1!]1;!W,6.+7!.!4*9:.)"(4!/,+!&:*!
.--,(&*+"9! &+.)("&",)!,/! M"G! 8"7)*0! /+59&,(*2B;a2I"(M:,(M:.&.(*1! :0(O/%0( !$/%0(9BB@:!=>>;!
aFC2aE_1!
_D1! P,),7;!<1p!J04.);!<1p!O:.)G*5Y;!<1!U1;![)!&:*!].&5+*!,/!3--,(&*+"9!W+.)("&",)(S!3!
U-.5("I-*!P,7*-1!:0(O/%0(!$/%0(9B;A:!A=;!dd2BBd1!
__1! L*;!A1!P1p!W:,+M*;!O1!P1p! ?*.&,);!c1!31p! X"M(9,4I;!J1!]1p!P.+95(;! V1;! ?&+59&5+*!
+*/")*4*)&!,/!/+59&,(*2B;a2I"(M:,(M:.&.(*!.)7!"&(!/+59&,(*!E;a2I"(M:,(M:.&.(*!9,4M-*Y!
.&!E1d!t!+*(,-5&",)1!:0(O/%0(!$/%0(9BEB:!=A=;!`BD2`DC;!.)7!9,++*9&",)!>BCCF@!EB_;!C`F1!
_`1! L*;!A1!P1p!R:.)G;!Q1p!X".)G;!<12Q1p!X"M(9,4I;!J1!]1;!O+0(&.-!(&+59&5+*!,/!&:*!)*5&+.-!
/,+4!,/!/+59&,(*2B;a2I"(M:,(M:.&.(*!9,4M-*Y*7!6"&:!&:*!M+,759&!/+59&,(*!a2M:,(M:.&*!
.&!E1Bt!+*(,-5&",)1!F./#0(2"*%0(H#"G0(3#$0(N0(30(H0(9BB9:!BB;!ECdC2ECCD1!
_a1! ]*-(,);!?1!J1p!O:,*;!<1!Q1p!A,)\.&8,;!^1!c1p!V+,44;!A1!<1;!P5&.&",)(!")!&:*!:")G*!,/!
.!70).4"9!-,,M!I+,.7-0!")/-5*)9*!/5)9&",).-!M+,M*+&"*(!,/!/+59&,(*2B;a2I"(M:,(M:.&.(*1!
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! P[P!
H!<!,I0)+)1')0D!K8,*.%9&'2LE10-12!RL! (4,!Z,//,*(.'JD.90+&(,9! ('&%8)().%Z!D.9,+!=4,',!
,//,*(.'!1)%9)%F!D.90+&(,8!(4,! )%(,'8010%)(!8(&1)+)(2!&%9!(4,!H!<!,I0)+)1')0D13-15!&%9!
SL!(4,!Z%0*+,.()9,!-,'(0'1&().%Z!D.9,+!=4,',!,//,*(.'!1)%9)%F!*&08,8!*.%/.'D&().%&+!!
*4&%F,8!.%+2!)%!(4,!',F0+&(.'2!9)D,'8618-20!VJ'&2!*'28(&++.F'&-4)*!8(09),8!./!(4,!,%>2D,!
)%!(4,!-',8,%*,!./!,&*4!4,(,'.('.-)*!,//,*(.'E!$HW!&%9!@HWE!4&;,!84.=%!+)((+,!8('0*(0'&+!
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',8-,*();,+2L! )%!-&'&++,+!&88&28!-,'/.'D,9!=)(4!(4,!bH!,%>2D,!',80+(,9! )%!*.D-&'&1+,!
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.18,';,9! )%)()&++2! /.'! 4.D.('.-)*! *..-,'&();,! $H@&8,! ,%>2D,86! O%! (4,! *&8,! ./! GSS$'!
$H@&8,E!()('&().%!=)(4!(4,!8D&++,8(!*.%*,%('&().%!./!W$c$!(4&(!84.=8!*&(&+2()*!&*();&().%!
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!
!
G)F0',! NJ*6! Y-,*)/)*! &*();)(2! ;,'808! &8-&'(&(,! *.%*,%('&().%! *0';,8! /.'! =)+9J(2-,! &%9!
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JP! DFJP6! K(L! bH!
$H@&8,!K!L!&%9!GSS$'!$H@&8,!K"L!&8-&'(&(,!8&(0'&().%!A)%,()*8!&(!-7!f6[6!K1L!bH!$H@&8,!
K!L! &%9! GSS$'! $H@&8,! K"L! &8-&'(&(,! 8&(0'&().%! A)%,()*8! &(! -7! #6S6! H4,! &88&28! =,',!
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',F0+&(.'2!*4&)%E!7PdE!9,/)%,9!12!',8)90,8!RNJSS!K8,,!G)F0',!NJ)L63!c,0fT!)8!/.0%9!)%!(4,!
D)99+,!./! (4,! 8,*.%9!4,+)*&+! 8('0*(0',! K',8)90,8!U"JffE!7RdL!=)(4!H2'ff! (,'D)%&()%F! )(6!
H4,! D.9,+! /.'! (4,! D,*4&%)8D! ./! @HW! )%4)1)().%! ./! *&(&+28)8! )%;.+;,8! (4,! )%(,'/&*,!
1,(=,,%!&!"J8('&%9!./! (4,!&++.8(,')*! 8)(,! K',8)90,8!NNJURE!YSdL!&%9! (4,! /)'8(!4,+)C! K7PdLE!
&%9!(4,! )%(,'/&*,!1,(=,,%!(4,!/)'8(E!7PdE!&%9!8,*.%9!4,+)C!K7RdL! KG)F0',!NJ)L6!H4)8! )8!(4,!
/)'8(! ',-.'(! ./! %.%J-.+&'! )%(,'&*().%8! +)D)(,9! (.! (4,! &++.8(,')*! 9.D&)%! )%! &! -+&08)1+,!
D,*4&%)8D!/.'!@HWJ)%90*,9!,%>2D&()*!'&(,!)%4)1)().%6!
! 50(&().%! ./! ',8)90,! SS! /'.D! &! W4,! (.! $+&! ',8)90,! ',80+(8! )%! %,&'+2! )9,%()*&+!
,%>2D&()*!-'.-,'(),8!&8!(4,!=)+9J(2-,!,%>2D,!=)(4.0(!%0*+,.()9,8!-',8,%(6!H4,!,%>2D,!
',D&)%8! 4.D.('.-)*&++2! *..-,'&();,! (.=&'98! $8-! 1)%9)%F! =)(4! 8-,*)/)*J&*();)(2! ;&+0,8!
*.D-&'&1+,!(.!(4,!=)+9J(2-,!,%>2D,6!H4,!,C(,%(!./!GSS$'!,%>2D,!*..-,'&();)(2!(.=&'98!
$8-!)8!9,-,%9,%(!.%!-7!)%!(4,!8&D,!/&84).%!&8!(4,!=)+9J(2-,!,%>2D,6!e%+2!)%!*.%9)().%8!
=4,',!@HW! )8!-',8,%(!9.!-'.-,'(),8!./! (4,!GSS$'!;&'2! 8018(&%()&++2! /'.D!(4,!=)+9J(2-,!
$H@&8,6!
!! H4,! ,//,*(! @HW! 4&8! .%! (4,! *&(&+2()*! '&(,! &(! &! F);,%! *.%*,%('&().%! ./! $8-! /.'!
$H@&8,!*&%!1,!,C-+&)%,9!12!(4,!Z%0*+,.()9,!-,'(0'1&().%Z!D.9,+!&%9!(4,!Z,//,*(.'J!
! PP#!
!
!
G)F0',! NJ)6! H4,! 4,+)*,8! &%9! &! @HWJ1)%9)%F! "J8('&%9! ./! (4,! &++.8(,')*! 9.D&)%! ./! (4,!
',F0+&(.'2!*4&)%6!Y,*.%9&'2!8('0*(0',!)8!',-',8,%(,9!&8!*&'(..%!=)(4!',8)90,!8)9,J*4&)%8!
84.=%!&8!8()*A86!e(4,'!1&*A1.%,!',8)90,8!./!(4,!&++.8(,')*!9.D&)%!&%9!',8)90,8!/'.D!(4,!
>)%*J1)%9)%F!9.D&)%!&',!84.=%!&8! +)%,8! K1+0,L6!H4,! +&1,+8! /.'! 8,*.%9&'2!8('0*(0',E!YSdE!
7Pd! &%9! 7RdE! /.++.=! -',;).08! +)(,'&(0',63! @HW! K8()*A8L! )8! +&1,+,9! &%9! *.+.',9! 12! &(.DE!
*&'1.%8!*.+.',9!*2&%6!H4,!-)%AJ*.+.',9!&(.D8!84.=!*.%8,';,9!',8)90,8!9)8-+&2)%F!%.%J
-.+&'!8)9,J*4&)%8!&%9!&',!+&1,+,9!=)(4!(4,!(4',,J+,((,'!&D)%.!&*)9!*.9,!&%9!(4,!',8)90,!
%0D1,'6!G.'!',/,',%*,!(=.!D,&80',D,%(8!=,',!D&9,!&%9!&',!9)8-+&2,96!H4,!9)8(&%*,!
1,(=,,%!(4,!&D)%.!F'.0-!./!(4,!c28U[!8)9,J*4&)%!&%9!(4,!-2')D)9)%,!*&'1.C2+!.C2F,%!./!
@HW!KR6RS!QL!&%9!(4,!9)8(&%*,!1,(=,,%!(4,!*+.8,8(!*&'1.%!&(.D8!./!8)9,J*4&)%8!W4,SS!
&%9! H2'ff! KT6PR! QL! &',! 84.=%! &8! 1+&*A! 9.((,9! +)%,86! H4,! /)F0',! =&8! F,%,'&(,9! 08)%F!
W25.+!&%9!VJ'&2!*'28(&+!8('0*(0',!W^_!O^!N$HP63!
! PP"!
!D.90+&(,9! ('&%8)().%Z! D,*4&%)8D! (.! 8(&1)+)>,! (4,! HJ8(&(,! 8('0*(0',6! <,-.'(8! 08)%F! &!
;&'),(2! ./! ,C-,')D,%(&+! (,*4%)I0,8! KY$VYE! ;,+.*)(2! ./! ,%>2D,! 8,9)D,%(&().%E! VJ'&2!
*'28(&++.F'&-42L! /.'! $H@&8,! &%9! D0(&().%8! (4,',./! 4&;,! /.0%9! @HW! *&08,8! (4,! H!<!
,I0)+)1')0D! (.! 1,! 84)/(,9! (.=&'98! (4,! F'.0%9! HJ8(&(,! 8('0*(0',63,23,33! 7.=! 9.,8! (4,!
D0(&().%!./!W4,SS!(.!&!8D&++,'!',8)90,!=)(4! +,88!429'.-4.1)*)(234! ',80+(! )%!(4,! +&*A!./!
&1)+)(2!/.'!(4,!4.+.,%>2D,!(.!8(&1)+)>,!(4,!HJ8(&(,!8('0*(0',!-.-0+&().%q!b4&(!&1.0(!(4,!
-4,%2+&+&%)%,! ',8)90,!9,8-)(,! )(8! )9,%()(2! )%! (4,!-')D&'2! 8,I0,%*,!&%9!-.8)().%! )%! (4,!
8,*.%9&'2!&%9!(,'()&'2!8('0*(0',!(4&(!D&A,8!)(!80)(&1+,!/.'!(4,!=)+9J(2-,!D,*4&%)8D!./!
&*().%q!O%(,',8()%F+2!(4,!',8)90,!&(!-.8)().%!SS!)8!&!-4,%2+&+&%)%,!)%!aN[k!./!',F0+&(.'2!
*4&)%8!&*'.88!40%9',98!./!8,I0,%*,8!9,');,9!/'.D!8-,*),8!.(4,'!(4&%!!,)#*+'B!(4,!.(4,'!
aN[k!./! -')D&'2! 8,I0,%*,! )9,%()(),8! *.%(&)%! &! +,0*)%,! ',8)90,! &(! (4)8! -.8)().%6! O%! (4,!
/&D)+2! !6/%&*1(#/%&'(#%(%E! (4,! 8-,*),8! E%&&(/'() D(&#%"#%6") -.88,88,8! &%! $H@&8,!
,%>2D,!',F0+&(,9!80*4!(4&(!(4,!1)%9)%F!./!@HW!*&08,8!'&(,!&*();&().%!&%9!(4,!&%&+.F.08!
',8)90,!(.!W4,SS!./!(4,!!,)#*+'!',F0+&(.'2!*4&)%!/'.D!(4)8!8-,*),8!)8!&+8.!&!-4,%2+&+&%)%,!
KW4,SSL!',8)90,618!H4)8!80FF,8(8!(4,!D,*4&%)8D!9.,8!%.(!)%;.+;,!(4,!&'.D&()*)(2!./!(4,!
8)9,J*4&)%!10(E!'&(4,'E!(4,!429'.-4.1)*)(2!8)%*,!)(!)8!8.!=,++!*.%8,';,96!
! H4,!D.9,+! (.!,C-+&)%! (4,!@HW!,//,*(8! /.'! (4,!=)+9J(2-,!$H@&8,! /'.D!-,'(0'1,9!
-'.-,'(),8! ./! (4,! GSS$'! D0(&().%E! ',*.F%)>,8! -&(*4,8! ./! 429'.-4.1)*! &%9! *.%8,';,9!
',8)90,8! -.8)().%,9! 1,(=,,%! W4,SS! &%9! (4,! .--.8)(,! /&*,! ./! (4,! @HWJ1)%9)%F! 8)(,!
KG)F0',!NJ)L6!H4,!1)%9)%F!./!@HW!*&08,8!c28U[!(.!D.;,!)%(.!(4,!&++.8(,')*J8)(,!-.*A,(E!K8,,!
G)F0',!NJpE!(L!&%9!(4,!'.+,!./!c28U[!4&8!1,,%!-'.1,9!)%!4,(,'.('.-)*!',8-.%8,6!50(&().%!
./! (4,! ',8)90,! (.!$+&! ',80+(,9! )%!&!D0(&%(!,%>2D,!&*();&(,9!12!$HWE!10(!0%&1+,! (.!1,!
! PR[!
)%4)1)(,9! 12! @HW! 9,8-)(,! =,&A,%,9J1)%9)%F! ./! (4,! +&(,'! %0*+,.()9,625! H4,! *')()*&+!
D.;,D,%(!./!c28U[!('&%8+&(,8!(.!(4,!1&*A1.%,!./!"J8('&%9!S!KYSdL!&%9!*&08,8!(4,!-0++)%F!
./!O+,N"!&%9!O+,UP!(.=&'98!(4,!&++.8(,')*J8)(,!-.*A,(6!^0,!(.!(4,!429'.-4.1)*!%&(0',!./!
(4,! )%(,'/&*,!1,(=,,%!YSd!r!7Pd!&%9!7Pd!r!7RdE!7Pd!=.0+9!0+()D&(,+2! ('&%8+&(,!8+)F4(+2!
(.=&'98!(4,!&++.8(,')*J8)(,!-.*A,(!&%9!(.=&'98!7Rd6!H4'.0F4!(4,!429'.-4.1)*!)%(,'*4&)%J
)%(,'&*().%!K'PM'UL!./!(4,!8)9,J*4&)%8!./!W4,Rf'P!&%9!W4,Rf'UE!1)%9)%F!./!.%+2!.%,!@HW!(.!
&!9)D,'!*.0+9!*&08,!(4,!8(&1)+)>&().%!./!(4,!HJ8(&(,!8('0*(0',!&8!4&8!1,,%!/.0%9!/.'!(4,!!
(4',,!4)F4J&//)%)(2!@HWJ1)%9)%F! 8)(,835! KG)F0',!NJAL6! H4)8!D.9,+! 80FF,8(8! (4,!1)%9)%F!./!
@HW! *&08,8! &! (,%8)%F! ./! (4,! ',F0+&(.'2! 9)D,'8! (4&(! 8(&1)+)>,8! (4,! HJ8(&(,E! +.=J&*();)(2!
8('0*(0',6!O%!(4,!*&8,!./!(4,!GSS$'!D0(&().%E!(4,!84.'(,%)%F!./!(4,!8)9,J*4&)%!',80+(8!)%!
(4,!',8)90,!1,)%F!0%&1+,! (.!8-&%!(4,!9)8(&%*,!(.! /.'D!%.%J-.+&'!*.%(&*(8!=)(4!c,0R"E!
c,0fT! &%9! H2'ff6! O%(,',8()%F+2! &! ',-.'(! )%(.! )%;,8()F&().%8! ./! PS@J+&1,+,9! H2'E! 7)8! &%9!
W4,!',8)90,8!)%!(4,!',F0+&(.'2!*4&)%!./!!,)#*+'!$H@&8,!84.=,9!(4&(!(=.!./!/);,!W4,!8)9,J!
*4&)%8!,C-,'),%*,!!&!*.%8)9,'&1+,!*4&%F,!)%!*4,D)*&+!,%;)'.%D,%(!0-.%!(4,!1)%9)%F!./!
@HW636!H4,!*4&%F,8!=,',!%.(!-',8,%(!)%!(4,)'!9&(&!0-.%!(4,!1)%9)%F!./!$HW6!!
! H4,!&1.;,!D.9,+!)8!-+&08)1+,!&8!&!D,*4&%)8D!/.'!@HW!)%!)(8!'.+,!(.!8(&1)+)>,!(4,!HJ
8(&(,! 8('0*(0',! &%9! )8! *.%8)8(,%(! =)(4! 8.+;,9! VJ'&2! *'28(&++.F'&-42! 8('0*(0',! 8(09),8E!
8.+0().%! Y$VY! 9&(&! &%9! 8.+0().%! \5<! 8(09),86! H4,! ,C-,')D,%(&+! D,(4.9! ./! VJ'&2!
*'28(&++.F'&-42!',+),8!.%!&!',-,()();,!0%)(!*,++!.'!&!0%)/.'D!-.-0+&().%!./!4.+.,%>2D,6!O(!
8)D-+2! *&%%.(! 1,! 08,9! &8! &! (..+! (.! 8(092! (4,! +&%98*&-,! )%! -.-0+&().%! ',80+()%F! /'.D!
D.',!(4&%!.%,!,%>2D,!8('0*(0',!&8!)8!(4,!*&8,!/.'!!,)#*+'!$H@&8,!=)(4)%!(4,!5b@!D.9,+!
./!&++.8(,'261!$(.D)*!*..'9)%&(,8!8.+;,9!/.'!(4,!YSdE!7Pd!&%9!7Rd!)%(,'/&*,8!./!(4,!
! PRP!
!
!
G)F0',!NJp6! H4,!4,(,'.('.-)*! ,//,*(.'8!@HW!&%9!$HW!1.0%9! (.! (4,!&++.8(,')*J8)(,!-.*A,(!
9,-)*()%F! *4&%F,8! )%! 80'/&*,! 1,(=,,%! 0%+)F&%9,9! &%9! %0*+,.()9,J1.0%9! -.*A,(86! H4,!
4,(,'.('.-)*!,//,*(.'8!@HW!&%9!$HW!&',!84.=%!&8! 8()*A86!Y)9,J*4&)%8! (4&(! )%(,'&*(!=)(4!
%0*+,.()9,8!&',!*.+.',9!12!&(.D!K*&'1.%B!=4)(,E!%)('.F,%B!1+0,E!&%9!.C2F,%B!',9L6!c28U[!
8)9,J*4&)%! &D)%,! )8! *)'*+,96! K(L! @HWJ1.0%9! 8('0*(0',! )8! 84.=%!=)(4! 8.+)9! 80'/&*,!=4)+,!
(4,!0%+)F&%9,9!8('0*(0',!)8!84.=%!=)(4!D,84!80'/&*,6!K1L!$HWJ1.0%9!8('0*(0',!)8!84.=%!
=)(4!8.+)9!80'/&*,!=4)+,!(4,!0%+)F&%9,9!8('0*(0',!)8!84.=%!=)(4!D,84!80'/&*,6!H4,!/)F0',!
=&8!F,%,'&(,9!08)%F!W25.+!&%9!VJ'&2!*'28(&+!8('0*(0',8!W^_!O^!U$HPE!N$HPE!&%9!T$HP63!
!
!
!
!
!
!
! PRR!
!
G)F0',! NJA6! 729'.-4.1)*! ',8)90,8! )%! (4,! ',F).%! ./! W4,SSE! @HWE! &%9! ',F0+&(.'2!
9)D,')>&().%6!H4,!'PM'U!9)D,'!)8!84.=%!&8!*&'(..%!)%!',9!&%9!.'&%F,E!',8-,*();,+26!H4,!
@P! &%9! @U! *&(&+2()*! *4&)%8! &',! 84.=%! &8! 1&*A1.%,! ')11.%8! )%! 1+0,! &%9! F',,%E!
',8-,*();,+26! `)%*! &(.D8! &',! *2&%J*.+.',9! 8-4,',86! G.'! ,&*4! *4&)%! )%! (4,! 'PM'U! 9)D,'E!
W4,SS!)8!84.=%!&8!8-4,',8! )%!1+0,6!W4,RfE!c,0R"E!c,0S[E! O+,N"E!c28U[E! O+,UP!&%9!c,0fT!
&',! 84.=%! &8! 8-4,',8n! O+,TRE! O+,TT! &%9! c,0TU! &',! 84.=%! &8! +)%,8B! *.+.',9! ',9! &%9!
.'&%F,E! ',8-,*();,+26! :&*4! &++.8(,')*! 8)(,! )8! 1.0%9!=)(4! @HW! 84.=%! &8! +)%,8!=)(4! -)%AJ
*.+.',9! *&'1.%6! H4,! /)F0',! =&8! F,%,'&(,9! 08)%F! W25.+! &%9! *'28(&+! 8('0*(0',! W^_! O^!
P`$P616!
! PRS!
!0%+)F&%9,9! K&18,%*,! ./! %0*+,.()9,! &%9! 8018('&(,E! )6,6! W^_! O^! P`$PL! ,%>2D,! &--,&'!
)9,%()*&+!(.!(4,!&(.D)*!*..'9)%&(,8!8.+;,9!/.'!(4,!YSdE!7Pd!&%9!7Rd!)%(,'/&*,8!./!(4,!@HWJ
1.0%9! ,%>2D,! K&18,%*,! ./! 8018('&(,E! )6,6! W^_! O^! P`$R! .'! N$HPL6! @HW! )%*',&8,8! (4,!
%0D1,'! ./! 4.+.,%>2D,!D.+,*0+,8! )%! (4,! HJ8(&(,! 8('0*(0',! /.'! &! -.-0+&().%33! &%9! (4,!
8(&1)+)>)%F! 9');)%FJ/.'*,! )8! %.%J-.+&'! )%(,'&*().%86! O(! )8! (,D-()%F! (.! &99',88! (4,! (,%8,!
8(&(,! ./! (4,! ,%>2D,! &8! K)%&*();,L! *.D-&*(! &%9! 429'.-4.1)*&++2! 8(&1+,6! H4)8! )8! /0'(4,'!
8-&*,!(.!,C-+.',!(4,!@HW!D,*4&%)8D!&%9!(,8(!(4,!8(',%F(4!./!(4,!&1.;,!D.9,+!12!8)(,J
9)',*(,9!D0(&().%!./!',8)90,8!-'.-.8,9!(.!1,!)%;.+;,9!=)(4!(4,!%.%J-.+&'!8(&1)+)>&().%!
./!(4,!HJ8(&(,!8('0*(0',!;)&!A)%,()*!&88&28!KO+,N"E!O+,UPE!c,0R"E!c,0S[E!&%9!W4,RfL6!
!!! H4,! &1.;,!&%&+28)8! +&*A8! )%! &!D,*4&%)8D! /.'! (4,!.18,';,9! &%?%&"(+! ./! *&(&+2()*!
'&(,!=4,%!@HW!)8!&99,9!(.!(4,!GSS$'!D0(&%(!$H@&8,!*.D-&',9!(.!(4,!=)+9J(2-,!$H@&8,6!
W',;).08!+)(,'&(0',!4&8!84.=%!(4,!@J(,'D)%08!./!(4,!',F0+&(.'2!*4&)%!)8!&(!+,&8(!-&'()&++2!
',8-.%8)1+,!/.'!',;,'8,9!4,(,'.('.-)*!,//,*(!/.'!1.(4!$HW!&%9!@HW620,28!H4,!)%;,8()F&(.'8!
/.0%9!(4&(!9,+,().%!./!(4,!+&8(!(=.!&D)%.!&*)98!/'.D!(4,!',F0+&(.'2!*4&)%!K',8)90,8!PNRJ
PNSL!',80+(,9!)%!@HW!4&;)%F!%.!,//,*(!&%9!9,+,().%!./!(4,!+&8(!8)C!&D)%.!&*)98!K',8)90,8!
PT#JPNSL!',80+(,9!)%!@HW!&*();&()%F!(4,!*&(&+2()*!'&(,6!:&*4!9,+,().%!*.%8('0*(!',80+(,9!)%!
$HW!)%4)1)().%!./!(4,!*&(&+2()*!'&(,B!(4)8!80FF,8(8!(4,!@J(,'D)%08!)8!&!%,*,88&'2!8('0*(0'&+!
D.()/!)%;.+;,9!=)(4!4,(,'.('.-)*!',8-.%8,620!
! W',*,9,%*,!,C)8(8!/.'!(4,!*.D-+,(,!',;,'8&+!./!4,(,'.('.-)*!,//,*(!',80+()%F!/'.D!
&!D0(&().%!)%!(4,!&++.8(,')*!9.D&)%!'&(4,'!(4&%!(4,!@J(,'D)%08!./!(4,!*4&)%6!50(&().%!./!
H2'ff!(.!W4,!',80+(8!)%!&!D0(&%(!$H@&8,!(4&(!)8!%.!+.%F,'!&*();&(,9!12!$HW!10(E!)%8(,&9E!
)8!)%4)1)(,9626!H4,!*.%*+08).%8!./!(4,!',-.'(!-)%-.)%(!(4,!429'.-4.1)*!)%(,'/&*,!1,(=,,%!
! PRT!
(4,! &++.8(,')*! &%9! >)%*J1)%9)%F! 9.D&)%8! &8! )D-.'(&%(! /.'E! F,%,'&++2E! 9)8*')D)%&().%!
1,(=,,%! 4,(,'.('.-)*! ,//,*(.'8! &%9E! 8-,*)/)*&++2E! &! -.88)1+,! ',F).%! /.'! $HWJ8)F%&+!
('&%8D)88).%6! H4,! -4,%.+)*! 8)9,J*4&)%! ./! H2'ff! )8! %.(! *.%8,';,9! &%9! 9.,8! %.(! D&A,!
-.+&'!*.%(&*(8!(.!.(4,'!',8)90,8!)%!VJ'&2!*'28(&+!8('0*(0',86!H4,!('0%*&().%!12!',D.;&+!./!
(4,! 429'.C2+! F'.0-! ',80+(8! )%! &%! )%;,'8,9! $HW! ,//,*(E! D)D)*A)%F! @HW! )%! 1)%9)%F! &%9!
,C(,%(! ./! '&(,! )%4)1)().%6! 50(&().%! &(! (4)8! ',8)90,! &+8.! F',&(+2! -,'(0'18! (4,! 8-,*)/)*!
&*();)(2! )%!=&28!(4&(!80FF,8(!(4,!D0(&%(! )8!8(&1)+)>,9! )%!(4,!HJ8(&(,!8('0*(0',E!&+(4.0F4!
(4,!&0(4.'8!9)9!%.(!*.%8)9,'!(4)8!)%!(4,)'!-01+)84,9!D.9,+6!G.++.=)%FE!&!9.01+,JD0(&%(!
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